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LIST  0”  FIGURES* 


Title 

Yaw  and  orientation  vs  distance  from  gun 

Loss  of  range  due  to  yaw  vs  orientation 

Plot  of  rounds  1  to  13  on  6-0  plane,  showing  ranges 

Plot  of  rounds  1  to  18  on  6-0  plane,  showing  deflections 

Plot  of  rounds  19  to  46  on  6-0  plane,  shoving  ranges 

Plot  of  rounds  47  to  on  6-0  plane 

Effect  cr  R^nge  due  to  Yav 


Theae  plot*,  except  figure  10,  ve*v  inclosed  with  the  firing  record*  (Ref.  5) 
1  The  other  figures  are  not  need* 
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COMPARISON  OF  PREDICTED  AND  OBSERVED  YAH  IN  FRONx  OF  THE 
MUZZLE  OF  THE  12- INCH  GUN 

ABSTRACT 

The  yaws  of  some  IQTO-pound  projectiles,  fired  from  a  12-inch  Gun, 
in  192C,  wove  determined  by  measuring  the  holes  in  beaver  boards  at  a 
distance  of  294  feet  from  the  muzzle.  Most  of  the  rounds  had  yaws  whose 
magnitude  was  less  than  the  theoretical  limit  imposed  by  the  maximum 
allowable  clearance  in  the  bore.  The  orientations  were  grouped  about 
the  theoretical  value,  calculated  er.  the  assumption  that  the  front 
bourrelet  followed  the  land  that  is  at  6  o'clock  .-t  the  origin.  The 
range  varies  with  both  the  magnitude  and  orientation  of  the  yaw. 
Theoretically,  the  deflection  also  depends  on  the  yew,  but  this  effect 
could  not  be  detected. 
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INTRODUCTION 

rt  coiiit-  to  Kent's  notice  some  months  ago  that  the  British  had 
o-'  unaware  of  the  fact  that  yaw  is  not  completely  random.  This 
indicated  thit  the  British  were  unfamiliar  with  the  work,  described  in 
ills  report,  that  Kent  had  done  some  twenty-five  years  ago. 


Accord. ng  to  the  small  yaw  theory  of  Fowler,  Gallop,  Lock  and 
Richmond1,  the  magnitude  6  and  orientation  0  of  the  yaw  of  a  spinning 
shell  approximately  satisfy  the  equations 


p  o  p  2  -I/? 

5  =  (a  sin'qt  +  0  cos  qt j  ' 


(1) 


0  =  +  t  2_  bail  tan  qt), 


(2) 


where 

a  is  the  maximum  yaw, 

8  the  Minimum  yaw, 

t  the  time  from  the  first  minimum  vaw, 

0  the  ‘nitial  orientation, 

o 

A  the  axial  moment  of  inertia, 

B  the  transverse  moment  of  Inertia, 

N  the  spin, 

and  q  •  (All/2B)(1  -  l/s)^  (3) 

if  s  is  the  stability  factor. 

Damping  is  indicated  by  variations  in  ct  fluid  &. 

The  spin  Is  approximately 

H  ■  ?rv/iid,  (*0 

o 
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where 


vq  is  the  muzzle  velocity, 
l/’n  the  tvtst  of  rifling, 
d  the  caliber. 

For  a  short  distance,  the  range  is  approximately 
x  =  vot.  (5) 

Then,  if 

0'  =  nA/Bnd 

and  o  =  (l  -  l/a)^“, 

equations  (l)  and  (2)  may  be  expressed 

6  *  (a28in20'ox  ♦  p2cos20,ax)i^2  ,  (8) 

0  -  0  ♦  0'x  +  tan'^f  tan  0'ox).  (Q) 

o  ~  p 

The  stability  factor  nay  be  found  frcn  the  period  of  yaw  L  by  the 
relation 

(1  -  l/a)1^2  -  Bnd/AL.  (10) 

The  curves  on  figure  1  are  examples  of  the  variation  of  6  and  0 
with  x. 

The  minimum  yaw  la  usually  very  small:  acout  the  sane  as  the 
yav  in  the  bore  « ,  permitted  by  the  clearance  between  the  bourreleta 
of  the  shell  and  the  lands  of  the  gun.  If  the  front  bourrelet  follows 
one  lard  and  the  rear  bourrelet  the  opposite  land,  the  aaxlM  yaw  nay 
be  calculated  by  the  formula2 

a  -  (2B/A  -  1)  c/o.  (11) 

The  largest  yaw  to  be  expected  at  any  distance  may  be  found  by 
using  (8)  and  (11).  Also,  if  It  la  assumed  that  the  front  bourrelet 
oilovs  the  land  that  Is  at  6  &  clock  at  the  origin,  the  orientation 
cf  the  yaw  at  the  muizie  la  known,  and  hence  the  orientation  at  any 
distance  can  be  found  by  (9). 


(6) 

(7) 
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Tr.  -  ,a'.  du  ■  o  i.’iiti-.l  a!:; t.uz-bu/icuj  d/imps  out  rapidly  if  the 
i.  li  i  wo i  1  de.:i^..H'd.  While-  the*  yaw  is  appreciable,  nowever,  it 
.  two  off-.c  j  on  the  trapectory:  it  increases  the  drag  and  changes 
ure.-tion  of  motion.  Both  of  thf.oe  effects  influence  the  range; 

;  a-.-  latter  aloe  influences  the  deflection.  In  the  present  study,  it 
assujr.C'd  that  the  range,  corrected  to  a  standard  nuzzle  velc and 
standard  tv tforological  conditions,  satisifies  the  formula 

R  -  A  +  38  +  C5  cos  (0  +  K),  (12) 

•’here  R  is  the  corrected  range  and  A,  B,  C  and  K  are  constants.  The 
magnitude  and  orientation  of  the  yaw  are  measured  at  a  given  distance 
fro;:,  the  muzzle. 


EXPERIMENTAL  DATA 

In  December  ayi?  and  January  1920,  some  1070- pound  Cast  Iron 
Target  Practice  Projectiles  (Dwg  75-10-15)  were  fired  from  a  12- inch 

X 

Oun  M1S95  at  ar  elevation  of  18°.'  The  velocity  was  measured  by 
a  Boulengc-/ chronograph  with  screens  at  124  and  294  feet.  In  order 
to  determine  the  yaw,  beaver  boards  were  placed  on  the  far  side  of 
the  first  screen  and  the  near  side  of  the  second  scree  •;  however,  the 
boards  on  the  first  screen  were  out  by  the  wires  so  that  yaw  could 
not  be  measured.  On  the  second  board,  an  Increase  in  major  axis  from 
12.1  to  15.1  inches  was  taken  to  represent  a  unit  of  yaw:  this  corre¬ 
sponds  to  an  angle  of  1.7°- 

The  observed  ranges  were  corrected  to  a  muzzle  velocity  of  2250 
foot  per  second  and  standard  meteorological  conditions.  The  decrease  in 
corrected  range  (meters)  due  lo  yaw  was  divided  by  the  yaw  (expressed  in 
Inches  of  major  axis);  the  plot  of  this  ratio  as  a  function  of  orientation 
(fig  5)  shows  that  the  range  varies  in  accordance  with  equation  (12). 
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Figures  6  to  '■)  ore  plot:;  of  orientation  (degrees)  versuo  magnitude 
of  yaw  (expressed  as  an  increase  in  major  axis,  in  inches)  for  three 
groups  of  rounds.  Plots  6  and  7  pertain  to  the  some  rounds  considered 
in  figure  5:  plot  6  gives  the  corrected  rpnge  of  each  round  and  shows 
■urves  of  equal  range;  plot  7  gives  the  observed  deflections.  The 
■directed  ranges  of  another  group  aue  gxver  uii  figure  8. 


The  yaw  in  the  bore  was  computed  from  the  following. average  dimensions: 


Bore  Diameter 
Front  bourrelet  diam 
Rear  bourrelet  diam 
Bearing  length 


12.001  in. 
11.982  in. 
11.930  in. 
33.  h6  in. 


The  computed  yaw  in  the  bore  is  0.077°. 


It  is  estimated  that  the  transverse  moment  of  inertia  lc  10  times 
the  axial  moment  of  inertia,  and  that  the  stability  factor  is  1 .>1, 
since  the  observed  nutational  period  is  430  feet  (see  fig.  l).  Hence 
the  maximum  yaw,  confuted  by  equation  (ll),  is  2.5°.  This  is  equivalent 
to  an  Increase  of  1.5  inches  In  major  axis.  • 


The  increase  in  drag  due  to  yaw  near  the  muzzle  is  eauivalent  to 

4 

a  decrease  in  muzzle  velocity.  To  determine  this  decrease  for  a 
maximum  yaw  of  2. 50,  the  following  data  are  norded: 


0.005  deg"2 

Yaw-drag  coefficient  (estimated) 

2250  fps 

Muzzle  velocity  vQ  (observed) 

O.I625  sec"1 

Drag  function  Gg  (estimated) 

8.10 

Ballistic  coefficient  Cg  (estimated) 

1.10 

Cross  wind  force  coefficient  (estimated' 

3.52 

Yawing  moment  coefficient  Kg  (estimated) 

0.07513  lb/ft3 

Air  density  p  (estimated) 

1070  lb 

Mass  m  (observed) 

1370  lb- ft'* 

Transverse  moment  of  inertia  B  (estimated) 

8 
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i.  ir.  .l  ioclf.y  in  i.  .16  fps.  At  an  elevation  of  It  , 
fivii  ■  •.  .!)].■  for  the*  1070-pound  Armor-piercing  Projectile  given 
-.f  <■■■•'  1  tor.-  and  a.u  increase  in  range  of  11.8  ra  for  an 

o;  i  foot  p-vr  uecond  in  muzzle  velocity.  Therefore  the 


•  -  f fee t  on  range  of  the  increase  In  drag  due  to  yaw  is  a 


decrease  of  lj.7  meters. 


The  •  >x  or ■:* s ? i on  'for.'  *h«  ,1u> — 1 


'ore  clearance  and  its 


orientation  may  be  derived  from  an  expression  given  by  Sterne.  It 
snows  that  if  the  initial  value  of  0  is  270  degrees,  the  Jump  is  in 
the  vertical  plane  and  downwards.  Its  magnitude  is 


.  AN  KL1  ,B  .  v 

"  md  KM  v  'A  ”  1 
M  o 


Where  V  Is  the 
overturning  moment 
coefficient 


Hence,  if  the  actual  angle  of  orientation  of  the  yaw  at  the  murzle  o 1 
the  gun  is  0  then  the  actual  vertical  component  of  the  jump  ill  be 


-HE  7  Wf) 

M  o 


,B 


(13) 


Hitchcock  hub  ciscucced  the  displacement  caused  by  initial  yaw. 
This  could  be  used  in  place  of  Sterne's  formula.** 


The  constants  for  this  gun  and  ammunition  (some  repeated  from  page 
8)  appearing  in  equation  (13)  are  as  follows: 

e  »  .077°  *  1.37  mils* 

A  =  1.37  It  ft2 

N  =  =  565.5  rad/sec 

ra  =  1070  lbs 
d  »  1.00.0  ft 

Kl  -  !•«>* 

Km  -  i*9i* 

vq  «  2250  ft/sec 

B/A  «  10* 

0  ■  226° 

r0 


“  Estimated 

•*  The  application  of  Hitchcock's  technique  produces  results  almost  identical 
to  those  obtained  by  equation  (13). 


\ 


p  =  .07313  lb/ ft  ' 
o 

n  -  23  cal 

s  =  1.51 

If  the  cofactor  of  cos  (ti  -  270°)  is  represented  by  -J  then  the  jump 

"  o 

may  be  written 

-j  cos  (0  -  270°) 

j  =  .tLj  mils  -  .77' 

It  follows  that  the  vertical  component  of  the  Jump  will  be  -  .165  mils  = 

-  . o6!  and  the  horizontal  component  will  be  4  .160  mils  =  .5k' . 

At  an  elevation,  of  13°,  the  firing  table5  for  the  AP  Projectile  gives 
an  increase  in  range  of  9-8  meters  for  1  minute  increase  in  elevation. 
Therefore,  the  estimated  increase  in  range  for  an  increase  of  O.75  minute 
in  elevation  is  7*35  meters. 

The  combined  effect  of  drag  and  Jump  due  to  yaw  is  plotted  on 
figure  10. 

DISCISSION 

The  theoretical  increase  in  major  gxiB  at  294  feet  1b  1.5  inches. 

Most  of  the  measured  values  were  less  than  this,  although  some  were 

the  largest  was  2.75  inches.  It  should  be  noted,  however,  that 

the  yaw  has  passed  its  first  maximum  at  this  distance,  as  the  period 

is  U30  feet;  therefore,  a  small  increase  in  the  distance  to  the  maximum 

will  cause  an  appreciable  increase  In  the  yaw  at  the  second  screen. 

In  other  guns,  when  there  have  been  enough  card-  to  determine  the  actual 

4 

maximum  yaw,  the  observed  value  seldom  exceeds  the  theoretical. 

The  theoretical  mean  orientation  at  294  feet  is  55°.  The  observed 
orientations  are  grouped  about  this  value  although  their  dispersion  is 
rather  large:  a  few  values  are  nearly  18C°  from  the  mean  (two  rounds  are 
plotted  with  an  orientation  of  295°.  but  this  is  only  100°  from  the 
mean  in  the  negative  direction).  The  assumption  that  the  front  bourrelet 
follows  the  land  that  is  at  6  o’clock  at  the  origin  is  further  confirmed 
Liy  the  fact  that  the  lands  in  this  region  wear  more  rapidly  near  the  muixlc 
'han  the  others  in  guns  which  fire  separate -lomdlng  amnutitlon  (this  la  not 
:.ruc  for  fixed  . ammunition). 
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tiie  range  varies  with  botl  magni'.Uue  and  orientation  of 
yaw,  the  dispersion  in  both  of  those  quantities  should  be  made  as 
small  us  feasible.  For  a  given  gun  an  -ammunition,  this  can  be  done 
by  ramming  all  rounds  as  uniformly  as  possible.  The  dispersion  in 
deflection  might  also  be  reduced  in  this  way,  although  the  deflection 
hr.s  comparatively  small  dispe^rio-'  anyway. 

The  evidence  presented  in  this  report  ccr-firming  the  hypothesis 
that  in  this  gun  and,  presumably,  in  most  guns  firing  separate 
leaning  ammunition,  the  yaw  at  the  muzzle  corresponds  to  an  initial 
yaw  at  the  breech  at  6  o'clock  is  confirmed  by  observations  of  the 
muzzles  of  several  guns  that  have  shown  erosion  on  the  lands  corre¬ 
sponding  to  6  oclock  at  the  breech. 


H.  P.  HITCHCOCK 
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FIGURE  i 


LOSS  Of  RANGE  COHHESPONOING  TO  INCREASE  Of  ONE  INCH  IN 
LENGTH  Of  MAJOR  AXIS 
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